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. Why is NASA's experience relevant to offshore oil
and gas”?

. What is Probabilistic Risk Assessment (PRA)?

. What is the relationship between NASA and
BSEE?

. What is NASA presently doing with Anadarko
Petroleum Corporation and with Shell
International Exploration and Production?
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International Space Station

ISS Configuration

As of May 2011 (ULF6 - STS-134)

Unity -
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International Space Station
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Complex Operations Dependent on Human Involvement




Repair and Maintenance Operations in a Hostile Environment




Ongoing Resupply Operations
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Isolated and Not Easily Accessible
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Qualitative versus Quantitative Risk Assessment

QUALITATIVE risk assessment is commonly based on
experience or expertise and results in categorical
estimates of risk.

QUANTITATIVE risk assessment leverages empirical data to
determine and assign numerical values to risk.



PRA'’s are used to model and quantify RARE EVENTS

—If we had 100,000 space stations operating for 40 years each with a
catastrophic failure of 500 of them, then we could do standard
statistics to estimate the probability of catastrophic failure of a space
station

—We have only one space station, and it has had minimal experience
and no catastrophic failures. Consequently, there will not often be
any statistically significant data.



First, Define the “End States” of the PRA Analysis NASA




Major Steps to Perform a PRA

Examples:

s Loss of life

* Loss of facility

* Shutdown

e Fire

* Blowout

s Leak

s Exceeding
limits

* Hazard Reports

s Functional
Analysis

* FMEAS

s Previous risk
assessments

s External event
assessment

Define End States

List of consequence
of incident

» Sequences of operation
Timelines

¢ Operational Procedures

*Operational
Rules/Assumptions

*Malfuction Procedures

Master Logic
Table/Diagram

List of initiating events

\J
PRA
Event Trees
H !% |—> Software

¢ Training Manuals

¢ System Architecture
* Engineering Expertise
*P&IDs

¢ Human Error

* Common Cause

e Customer Data
e Industry Databases
-OREDA
-1ICON
-Well Master
*NPRD db
*EPRD db

¢ Other Assessments —

Fault 49 Trees

Data Analysis

[~

Risk Levels with Uncertainties
for Selected End States.

Cut Sets

¢ Contributors
¢ Failure Scenario
Combinations

Relative Risk Drivers



Notional Initiating Event Ranking Leading to a Well Kick nﬁa
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Induces Kick Overpressure Causes Drive Failure
Zone Off Induces Kick

Data in this figure does not represent any particular facility. Rankings may be
different for slightly different designs or operational procedures/practices.




Probabilistic Risk Assessment:
Applications for the Oil & Gas Industry

& BSEE Y

Bureau of Salet( and
Environmental
Enforcement

Joint Study by NASA and BSEE
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U.S. Bureau of Safety and Environmental Enforcement

NASA — BSEE Interagency Agreement

a BSEE

Bureau of Safety and
Environmental
Enforcement

W Sitemap | Contact Us | Careers & Search

International &
Interzgency
Collaboration

March 17, 2016
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BSEE, NASA Announce A nent to Examine Risk Offshore

5 Year Agreement

» Press Releases

» News Briefs 03/17/2018

WASHING TON
» Notes to Stakeholders

The Bureau of Safety and Envircnmental ement (BSEE) and The National Aeronautics and Space Administration
(NASA) have announced a five-year agreement allowing BSEE to capitalize on the best risk management approaches
from the aeronautics industry to inform stakehclders and further strengthen worker and envirenmental safety protections

» Statements

+ Speeches on the Outer Continental Shelf
y e .
» Congressional ‘Both BSEE and NASA work in harsh and uncompromising environments, relying on cutting edge technology to go NASA S p ro ba bl | IStI C
Testimony deeper and further than previously thought possible,” said BSEE Director Brian Salerno. “This partnership brings

together technical experts from BSEE and NASA to focus on the specific risks asseciated with offshere operations so

» Feature Stories that we can continue to find ways to improve safety for offshore workers and protect the envirenment.” rl S k asseSS I ' I e nt

» Fact Sheets Under the agreement, NASA will assist BSEE in achieving three primary chjectives:

v Library » further develop BSEE's risk management capability through the use of NASA's probabilistic risk assessment te C h n I q u e

technigue:
» Freedom of ® evaluate, design, and test technologies and hardware, including emerging technologies and best available
Information Act and safest technologies: and

® assess failures and near miss occurrences using the resources and expertise of NASA's accredited failure
analysis laboratory at the Johnson Space Center in Houston.

Used by NASA, probabilistic risk assessment is a technique to quantitatively medel risk. It was used in the medeling of
the Space Shuttle Program and is presently being used for the [nternational Space Station and Orien deep space
capsule programs.

"Whether the task takes one to deep space, or into the deep ocean, the analysis of the environment,
training of personnel and risk mitigation factors are similar,” said Jack James, technology transfer
strategist at the Johnson Space Center. "NASA is pleased to work with BSEE, and we endeavor to
leamn best practices from each other.”



NASA Tasks for 2017

PRA Procedures Guide for Offshore Applications (Rev. 1)
https://www.bsee.gov/what-we-do/offshore-regulatory-programs/risk-
assessment-analysis/probabilistic-risk-assessment-analysis

PRA Data Needs
Deep Water Drilling PRA



NASA PRA Activities with BSEE

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

L) PRA Guide — Draft L PRA Guide — Draft; Rev 1
. Posted on BSEE Posted on BSEE
"~ BSEE website R

Bureau of Safetyand
Environmental Fnforcement

| 2
L BSEE, NASA
Announce Agreement
to Examine Risk
Offshore
(March 17, 2016)
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NASA PRA Activities with the Oil and Gas Industry

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Anadarko — Annex
- Anadarko - Anpnex?2 |
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End State:
Loss of Containment

Initiating Events:
 Well Kick Occurs
* Loss of Position
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End State:
Loss of Location

Initiating Events:
 Drift-off
* Drive-off
* Push-off

THRUSTER COMMANDS

POSITION & r

HEADING | Fy
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BSEE Well Control Rule Subsea Accumulator Requirement Configuration

Sharaphimte e
Dedicated to DMAS
during operations,

Dedicated to DMAS
even after activation

BSEE Region Concept

Flying Lead

(OPHONALREQUIRED)

shareable in emergency

12) 4

Additional volume
for pipe ram close
and LMRP
disconnect

- ...

dedicated volume
for DMAS
functions

_- Flying Lead
(REQUIRED)

_- ROV Hot Stab

(Rams Close ©RE¥-% OPEN, LMRP disconnect)

New Well Control Rule from BSEE [30 CFR 250.734 (a)(3)] will require
additional subsea accumulator volume for hydraulic fluids.
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